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Method of installing cable anchor in mine working * has borehole 
divided up lengthwise Into section* with Identical Jointing of rock, 
and piston elements installed coaxially in borehole 

IRKUT RARE NONFERR METAL INST 90.02.21 90SU-4839811 
(94.04.30) E21D 20/OQ 
A borehole (19) is drilled in the rock mass, intensiveness of the 
borehole's jointing determined, and the borehole divided up into 
lengthwise sections with identical jointing and two piston elements 
(3.4) with a cable (1) and pipes (10,11) are located coaxially In the 
borehole. 

The borehole is then closed by a packer (5) and another pipe (12) 
inserted In it. Movement of the piston elements (3.4) is produced to 
the bottom of the borehole to the mouth by alternate feed of a 
solidifying mixture via the first pipe (10) and compressed air 
through the other two pipes (11,12). 

USE/ADVANTAGE - Mining operations. The load-bearing 
capacity of the anchor is increased. Bul.8/30.4.94 (8pp Dwg.No.1/4) 
N 95-023239 
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(54) CnOCOB YCTAHOBKM TPOCOBOTO AHKEPA 

(57) PecpepaT: 

Hcnojib30BaHne: H3o6peTeHne othochtch k 
KpenneHMto ropHux BbipaocrroK, a wvieHHO k 
cnoco6aM ycTaHOBKM aHKepHofi Kpenw b 
MaccHBax c HepaBHOMepHO* TpeinwHOBaTocrbra 
n no3BormeT noBbicmb Hecymyio cnoco6HOCTb 
aHKepa. CymnocTb: nepBonananbHo b 
3aKpeanHeMOM ropHOM MaccMBe 6yp«T 
cKBa^nHy ICI 19. OnpeAeji«K>T MHTeHCHBHocTb 
Tpeu^MHOBaTOCTH C 19. pa36nBaK)T ee no Annne 

Ha yMaCTKM C OAHHaKOBOfi Tpeil4MHOBaTOCTbK>, 

pa3MeinaK)T a C 19 coocho abs nopuiHeBbrx 
aneMeHTOB /3/ 3 m 4 c Tpoc»M HI 1 n 
Tpy6xaMn 10 m 11. 3aTeM C 19 nepexpbiBatOT 
naKepoM 5 n BCTaannjOT b Hero Tpy6Ky 12. 
nepeMeineHMe 3 3 h 4 k Any CKBaxuHbi m 
o6paTHo k ycTbio ocyi4ecTB/i«ioT 3a cmbt 
noonepeAHO^ noAann TBepAejomeB CMecu (TC) 
Mepe3 Tpy6Ky 10 m OKaroro B03Ayxa sepe3 
TpyoKH 11 m 12. 3anoriHeHMe C 19 TC, 
h3th>k©hvi© T 1 h yn/iOTHeHne TC npoBOA«T 
noaranHo no yHacTKawi. B more ynywitiaeTCH 
oKaTue MaccuBa no Tpeu^MHaM u 
pacKnuHMBaHHe OTAe/ibHbix cTpyioypHbix 
6/iokob, 6onee noxiHO 3ano/iHflK>TCfl TC 

HepOBHOCTM M TpeULMHbl B CTeHKaX C 19, 

yBejikNHBaeTCfl ci^enneHne 



3ai4eMeHTkipoBaHHoro TpocoBoro aHKepa co 
CTeHKaMM C 19, noBbiiuaeTCfi CTeneHb 
HanpnxeHHOCTM 3aKpennneMbix nopoA. wx 
npoHHocTb m ynpyme CBoficTBa. 4 nn. 
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(54) METHOD OF SETTING OF CABLE ANCHOR 

(57) Abstract: 

FIELD: mining industry. SUBSTANCE: 
method relates to support of rock workings. 
First borehole 19 is drilled in rock mass to 
be grappled by anchors. Intensity of 
jointing of borehole 19 is found, borehole 
is divided over its length into sections 
with equal jointing. Two piston members 3 
and 4 with cable 1 and tubes 10 and 11 are 
placed into borehole 19 uniaxially. Then 
borehole is shut with packer 5 with 
installation of tube 12 into it. Travel of 
piston members 3 and 4 to bottom of borehole 
and back towards entrance is accomplished 
thanks to successive feed of solidifying 
mixture through tube 10 and compressed air 
through tubes 11 and 12. Filling of borehole 
19 with solidifying mixture, pulling of 
cable 1 and compaction of solidifying 
mixture is conducted in stages by sections. 
EFFECT: improved compaction of rock mass 
over cracks, wedging out of individual 
structural blocks, more complete filling of 
uneven ness and cracks in walls of borehole 
with solidifying mixture, increased adhesion 
of cemented cable anchor to walls of 



borehole, enhanced degree of tension of 
anchored rocks, of their strength and 
resilient properties. 4 dwg 
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H3o6peTeHne oTHocuTcn k KpenneHMto 
ropHbix Bbipa6cn~OK, a MMeHHO k cnoco6aM 
ydaHOBKH aHKepHoPi Kpenn b MaccuBax c 
HepaBHOMepHoPi TpemHHOBaTocTUO. 

H3BecTeH cnoco6 ycTaHOBKM TpocoBro 
aHKepa, 3aKnioHaiomnBcn bo BseAennn b 
cKBaxMHy ao 3a6on KaHaTa u nonusTuneHOBoro 
umaHra, npeAHa3HaneHHoro Ann otboas 
so3Ayxa. flanee Ann co3AaHnn LjeMeHTHofi 
npo6KH b cKBawcuHy noA AasneHueM c>KaToro 
B03XAyxa noAaeTcn ijeMeHTHbifl pacTBop nepe3 
uinaHr, BHyTpn KOToporo pacnonowen nopiueHb. 
flocne Hanana saTsepAeBaHHn LjeMeHTHofl 
cm ecu npoBOA^iTCfl HaTaweHwe aHKepa. Ecnw 
npocKanb3biBaHne OTcyTCTByeT, to Harpy3Ky 
Aoboa^t ao TpeoyeMoE Be/iMHMHbt, paBHofl 
npuMepHO 35 kH. 3aieM b cKBaHCMHy bboaht 
6bicTpoTBepAe»iMMfi i^eMeHT Ann 
OKOHMaTeribHoro 3anonHeHnn ee, npu stom 
B03Ayx H3 cKBa>KnHbi bwxoawt no 3apaHee 
BCTaBneHHoti Tpy6Ke [1] . 

HeAOCTaTKow n3BecTHoro cnocooa nBnneTcn 
cneAyJOi^ee. ycTaHaB/iHBaeMbiB aHKep 
paGoTaeT no npMHi^nny noAsecKn OTAenbHbix 
cnoeB k saMKOBoK nacTH m, b cnynae ee 
HapyujeHun, HanpnnMep, npu AHHaMi/inecKUX 
Harpy3Kax BosHMKHyT Ae0opnMam^n MaccuBa no 
OTAenbHbiM cnoflM m k npu AocTUKeHKM 
KpnTkisecKHX Ae0opMaL4nCi npowsoPiAeT 
caMOo6pyitieHMe MaccuBa. (IpeABapnTenbHoe 
ycunue HarnaceHun Tpoca orpaHWHHBaeTcn 
npoHHocTbto 3aAe/iKH Tpoca B SaMKOBOR HaCTU 
aHKepa, hto He no3BonnT AOCTHHb 
Heo6xoAHMoro caoTun TpemnH m OTAenbHbix 
cnoes, MTo6bi npeAOTBpaTMTb KpHTHnecKVie 
AecfxDpMat^MM m He no3BonneT co3AaTb 
Tpe6yeMoro HanpnweHHn b MaccwBe, htoOw 
yseriHMHTb 30Hy c>KaTnn Ha r/iy6nHy m 
pacKnuHHTb oTAenbHwe CTpyicrypHbie 6/iokh. 
npn HaTfUKeH^M Tpoca He ynviTbiBaeTcn 

HepaBHOMepHOCTb Tpeil^HHOBaTOCTH MaccuBa, 

hto npuBOAMT k noTepe HecymeB cnoco6HOCTM 
aHKepa npu pacKpbiTMM HeAOCTaTOMHo okbtux 
OTAenbHbix TpemiiH, Ann KOTopbix Heo6xoAWMa 
6bina Harpy3Ka ycunweM 6anbiue, seM 

npOHHOCTb 3aAenKM 3aMKOBOM HaCTM TpOCOBOTO 

aHKepa. 

Han6o/iee 6hh3khm no TexHHnecKofl 
cyn^HocTH ki AOCTuraeMOMy so^eKTy k 
M3o6peTeHHio nsnneTcn cnoco6 ycTaHOBKM 
KaHaTHoro aHKepa c nopiUHeBbiM sneMeHTOM m 
BosflyxooTBOAninevi TpyOKOtf, BKnrc>Haioinnfl 
pa3MeiMeHne nopuJHeBoro sneMeTa c tm6khm 
cTep>KHeM b cKBaxune n nepeMeu^eHne 
nopuJHeBoro sneMeHTa k Any CKBaaoiHbi nyTeM 
HarHeTaHMfl TBepAeiomefl Maccw b npocTpacTBO 
Me>KAy nopLUHew h ycTbeM cKBaxuHbi, a nocne 

AOCTMJKeHUfl nopLUHeBblM 3/ieMeHTOM AHa 

CKBa>KHHbi HameTaHne TBepAeK>mefl Maccw 
Mepe3 B03AyxooTBOA«tMyio Tpy6Ky b 
3anopaiHeBoe npccTpaHCTBo cKBawHbi [2] . 

HeAocTaTKOM cnoco6a AB/ineTCfl 
cneAyKDLnee. OTcyTCTByeT HaT«>KeHMe rn6Koro 
cTep>KHn, hto b cbok) oHepeAb He no3BonneT 
co3AaTb TpeHwn no KOHTaiaaM Tpeu^nH u 
CKpennTb OTAeribHbie Tpeu^HHbi b OAHy 6anKy, a 
TaK>Ke npeAOTBpaTHTb pacKpbiTue TpemMH npn 
Aec>opMaMMki ot coocTBeHHoro Beca n KpOMe 
3Toro He nponcxoAHT HSMeHeHun 
HanpnxeHHO-AecJJopMMpoBaHHoro cocTOflHMfl 
Maccusa. 

flaHHbiR cnoco© He ynnTbisaeT 
uHTeHCHBHocTb Tpeu^nHOBaTOCTn MaccuBa no 
An^He yKpenneHHH u b cnynae HepaBHOMepHofi 
TpeiMMHOBaTocTM MaccuBa Ha ynacTKax c 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



-3- 



6onbiuetf CTeneHbto Tpeu^nHOBaTOCTH no AnuHe 

aHKepa B03HHKatOT 30Hbl C KpMTMHeCKMMM 

AecpopuMaqnyiMn n3-3a paccnoeHM^ MaccuBa no 
TpetunHaM, t. e. aHKep pa6oTaeT HepaBHOMepHo 
no csoe^ AnHHe, CHH>KaeTcn ero HecyiMan 
cnocoGHOCTb. Hecymaa cnocoGHOCTb aHKepa 
o6ecneHMBaeTCfl ToribKo 3a cneT npOHHOCTH 
cuenneHun 3aTBepAeBULiero pacTBopa co 

CTeHKaMH CKBa^MHbl, HTO HeAOCT3TOH HO B 

ycnoBvinx MaccuBa c HepaBHOMepHoCi 

Tpeu^MHOBaTOCT wo . 

L4enb M3oGpeTeHnn - noBbiaieHne Hecyu^eK 
cnoco6HOCTH aHKepa b nopOAHbtx MaccMBax c 

HeOAHOpOAHO^ TpeUAMHOBaTCCTbJO. 

3to AOCTuraeTcn TeM, hto b cnoco6e 
ycTaHOBKn TpocoBoro aHKepa, BtcnioHaioujeM 
6ypeHne cKBa>KMHbi, pa3MemeHne b HeC^ nopujHn 
c TpocoM, nepeMeu^eHMe nopiuH* ko AHy 
CKBaKMHbi m o6paTHO k ycTbK), 3anonHeHne 
CKBa>KMHbi TBepAeiou^eM ciwiecbK) nyTeM 
HarneTaHun ee b 3anopoiHeBoe npocTpaHCTBO, 
HaTn>KeHne Tpoca m ynnoTHeHne TBepAetomevi 
CMecu, comacHo H3o5peTeHnto npeABapnTenbHo 
onpeAenntOT pacnpeAeneHne hhtchcm bhoctm 
TpeiquHOBaTOCTM nopoA no CKBa>KHHe, 
pa36nBatOT CKBaxuHy no AnuHe Ha ynacTKH c 
OAMHaKOBof^ TpeinnHosaTocTbK). a npn 
paaweu^eHnn b CKBax^He nopujHR 
ycTaHaB/iHBaiOT coocho c hum AononHMTenbHbifi 
nopiueHb, npn gtom 3anoriHeHne CKBa>KHHbi 
TBepAetomefi cMecbio, HaT«>KeHne Tpoca n 
ynnoTHeHne TBepAewineW cwiecu nponsBOA^T 
noaTanHO no ynacTKaM, npuneM ycunne 
HaT^KeHkin Tpoca Ha K3>kaom ynacTKe 
onpeAennjoT M3 BbipaxeHH« 

P HaT = p r Ae P„ aT . - ycunne HaTR)KeHHfl 



aHKepHoro Tpoca na ynacTKe CKBa>KyiHbi, kH; " 

P p - pacneTHoe ycvinne aHKepHoro Tpoca 
6e3 yneTa TpemHHOBaTocTH nopoA. kH; 

K x - K03qb4)HL\vieHT TpemuHOBaTocTH nopoA- 

Ha 0nr. 1 M3o6pa>KeHa CKBaxnHa b MOMeHT 
BBOAa b Hee TpocoBoro aHKepa, npoAO/ibHbi^ 
pa3pe3; na cpur. 2 - ceneHne A-A Ha qbur. 1; 
Ha o>nr. 3 - ceneHne E-6 Ha o>nr. 1; Ha cfwr. 4 
- ceseHne B-B Ha 4>ur. 1. 

AHKep coctout H3 Tpoca 1 c MeTKaMn Ann 
KOHTponn 3a ero npocKarib3biBaHneM w >KecTKo 
3aKpenneHHbiM Ha neM (b 3aMKoao« nacTn ero) 
cTonopoM 2, nopwHefi 3 m 4, naKepa 5 c 
KaHanaMH 6 - 9, b kotopwx pa3MeiMeHbj rn6Kaa 
Tpy6Ka 10 Ann noAann TBepAerametf Maccw c 
MeTKaMn AnMHbi cKBaxuHbi m OTAenbHbix ee 
ynacTKOB 30Hbi B03MO>KHoro o6pyojeHnn Tpoc 1 , 
BO3Ayx00TBOAnunan Tpy^Ka 1 1 c MeTKOtf AnnHbi 
3aMKOBoCi nacTn cKBaxHHbi m BosAyxonoAaioii^an 
TpyGica 12 cooTBeTCTBeHHO. 

nopLueHb 3 MiweeT cKB03Hbie Kananbi 13 n 
14, B kotopwx cooTBeTCTBeHHO pa3MeineHbi 
rn6Kan Tpy6Ka 10 Ann noAanw TBepAeioi^ePi 

MaCCbl M TPOC 1. nopiueHb 4 MMeeT CKB03Hbie 

KaHanw 15, 16, 17, b KOTpbix pa3Meii4eHbi 
cooTBeTCTBeHHO rn6Kaw Tpy6Ka 10 Ann noAann 
TBepAeioineCi Maccw, Tpoc 1 m 
BosAyxooTBOAnman Tpy6Ka 1 1 . nopoiHn 3 m 4 
CHaoweHbi pe3HHOBbiMM Konbi^aMU 18, hto 
ooecnenHBaeT repMeTMH HOCTb KOHTaKTa Me>KAy 
CTeHIOMH CKBa>KHHbl 19 m nopLUHnMH 3 m 4. 

flnfl npeAOTBpau^eHHn nonaAaHHn 
TBepAeiomeM Maccbi Me>KAy nopujHRMH 3 n 4, 
Mewy noptiiHeM 4 h naKepoM 5, a TaiOKe nepea 
naKep 5 b Bbipa6oTKy nopLUHM 3 h 4 h naKep 5 
cHa6>KeHbi ynnoTHeHHnMH 20. Tpoc 1 
cpuKCupyeTcn b naKepe 5 nonbiM kjihhom 21. 
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fu6Ka?i Tpy6Ka 10 cHa6>KeHa KnanaHOM 22 Ana 
r.peAOTBpaineHu* Bbixoaa TBepAeiouneCi Maccbi 
MSpe3 Hee npu ynnoTHeHHu. 

n p h m e p. Cnoco6 yoraHOBKH Tpocoeoro 
amxepa paccMOTpen Ann ycnoBufl onwTHoro 
6/iOKa 211-212 (rop, wt. 16) 
KbJ3bm-AriMacaPicKoro m e ct o po>Kfle huh. 
KcxoflHbie AaHHbie cneAyiomue: Mou^HocTb 
pyAHororena m = 20 m; HaKnoHHbifi nponeT 
KaMepbi no BucflneMy 6oKy L = 36 m; yron 
BHyTpeHHero TpeHua BMeujaiomux nopoA <p= 
32 o6-beMHbi^ Bee nopoAy = = 2,6 t/m 3 ; 
npeAen npOHHosTM nopoA Ha pacTHxceHwe o p = 

1360 t/m 2 ; Koocix^nLiHeHT ycTOMMUBocTM nopoA b 
na Type V = 1,5; mnpuna KaMepbi A* = 10 m. 

friyoHHy yKpenneHUfl MaccHBa onpeAennioT 
no 4>opMyne: 

I = l ^ 3p », m, rAe P - cuna, AeficTByinaa 

ZO 

P 

na 6anKy, BbipesaHHyio H3 nopoA BMCHMero 6oKa, 

. t; 

a p - AonycTMMbiK npeAen npOHHocTM nopoA 

na pacTH>KeHwe. t/m 2 ; 

L - HaKnoHHbiR nponeT KaMepbi no BuenneMy 
OoKy, m. 

Cuna, AeBcTByioinafl Ha 6anKy, Bbipe3aHHy»o 
H3 nopoA BucRweroo 6oKa, onpeAenneTca no 
popMyne: 

P = p . sin f 9Q-ip ] . t, rAe p - HarpysKa, 



AeficTByiOL4an Ha nopoAbi BucflMero 6oKa; 

9 - yron BHyTpeHHero TpeHkm nopoA 
BUCFinero 6oKa, rpaA- 

Harpy3Ka, AefiCTByjomaa Ha nopoAbi 
BucfiHero 6oKa, 

P = (± .a-h+a.x-m.L| av , t, rAe a 



fa .a-h+a.x-m.Ll 

[* J 



nonynponer cboa3 o6pyiueHnn, m; 

h - BbicoTa CBoAa o6pyuieHHfl, m; 

x - BepTUKaribHafl BbicoTa KaMepbi, m; 

m - ropM30HTajibHafl MOi^HocTb pyAHoro 
Tena, m; 

y - o6"beMHbi^ Bee nopoA, t/m 3 

npu 3TOM a = L-sin 



x = 



v 



m; 



rioACTaBMB ncxoAHbie AaHHbie , nonynuM a = 
18 m, x = 33 m, h = 12 m, p = 424 t, P = 212 T, 
OTCfOAa I = 8 m. 

Ann ycTaHOBKM aHKepa b MaccMBe 
npon3BOA«T 6ypeHne cKBaacHHbi. AnnHa KOTopoPi 
Ha 1 m oonbwe my6nHbi 3ohu yKpenneHHfl Ha 

BenMWMHy 33MKOBOM MaCTU M paBHfleTCH 9,0 M. 

npu 6ypeHnn CKBaxuHbi H3ynaiOT 
TpeiMUHOBaTocTb MaccMBa no rny6nHe 
yKpenneHun no KepHy , u3B/ieKaeMOMy M3 

CKBaWCUHbl. Dp^l 3TOM 3aMepHK)T paccTO^Hne 

wexfly Tpeu^nHaMM Ha ks>kaom MeTpe cKBaxMHbi 
no Bcefl AnuHe yKpenneHun, HaxoA$rr cpeAHee 
paccTORHne we>KAy TpeiUMHaMU. BenMHMHa, 
o6paTHan cpeAHeMy paccTOHHuio Mea<Ay 

TDeiUHHaMH, SBnneTCfl HHTeHCMBHOCTbK) 

Tpei^MHOBaTOCTM, t. e. KonnnecTBOM TpemnH Ha 
1 m cKBa>KviHbi. OnpeAenne HHTeHCHBHocTb 

Tpeil^HHOBaTOCTH H BblHBUB ynacTKM c 
OAHODOAHO^ TpemHHOBaTOCTbKO, OfybeAHHflKDT 

nx Me>KAy coooPi no AnviHe yKpenneHun: 1 



w 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



ynacTOK-HHTepsan c 5 AO 8 m, II 
ynacTOK-MHTepBan c 3 ao 5 m, III 
ynacTOTK-HHTepan ot 0 ao 3 m. Pe3ynbTaTbi 
3aHeceHbi b Ta6n. 1. 

nocne pa3AeneHnn 30Hbi yKpenneHun Ha 
ynacTKM, npucTynaioT h e n ocpe act b e h ho k 
ycTaHOBKe aHKepa b cKBaxune. flnn ototo 6epyT 
Tpoc (1) AnkiHoft Ha 0,25-0,5 m 6onbiue rny6nHbi 
CKBa>KHbi h nponycKaioT nepe3 nonbiPi icnuH 21 
KaHanw 7, 14, 16 naKepa 5 n pa3Meu4aiOT coocho 
APyr APyry nopujHeBbie sneMeHTbi 3 m 4. Ha 
KOHqe Tpoca 1 3aKpennn»OT «<ecTKO CTonop 2. 
3aTeM Tpoc 1 co CTonopoM 2, nopiuHeBbiMH 
oneMeHTaMn 3 m 4 c Tpy6KaMM 10 m 11 
noMeujaioT b cKBa>KHHy 19, KOTopyio co ctopohw 
ycTbR saKpbiBaioT naKepoM 5, b KOTopbiM 
BCTaBnnioT Tpy6Ky 12. 3aTeM no Tpy6Ke 12 M 11 
noAaioT oKaTbifi B03Ayx, noA AaaneHneM 
KOToporo nopiUHH 3 m 4, nepeMeLi^ancb k saooio 
CKBa>KMHbi, nocpeACTBOM cTonopa 2 npoTHHyT 

TpOC 1 K 3a60K> CKBaXMHbl. B03AyX M3 

npocTpaHCTBa Me>KAy 3a6oeM cKBa>KMHbi m 
nopiueM 3 otboahtch no Tpy6Ke 10. Flpnn gtom 
rny6nHa npoABn>KeHnn Tpoca 1 no cKBa>KHHe 19 
KOHTponnpyeTcn no OTMeTKaM Ha Tpy6Ke 10. 
KorAa Tpoc 1 AOcrnmeT 3a6on cKBaxviHbi, 
noAany c>KaToro B03Ayxa no Tpy6K3M 11 m 12 
npeKpaujaioT. Tpoc 1 4)HKCMpyK>T b 
HenoABM>KHoM naKepe 5 nonbiM kjimhom 21 . 

nocne oToro npucTynaiOT k sanonHeHnio 
3awKOBOM MacTM aHKepa TBepAetomeft cMecbio 
(HanpnnMep, L^eMeHTHo^). 3aMKOByio sacTb 
aHKepa (viHTepBan ot 8 ao 9 m) 3aKpenn«K>T 6e3 
HaTRweHWH Tpoca. fln« 3Toro no Tpy6Ke 11 b 
npocTpaHCTBO Me>KAy nopiuHeM 3 n 4 noAaioT 
OKaTbiM so3Ayx m nopujeHb 4 otxoamt k yCTbK) 
CKBa>KMHbi Ha paccTOFHue, paBHoe AnviHe 
33MKOBoft nacTM aHKepa. /]/iMHy AaHHoro 
ynacTKa, paBHyio 1,0 m, KOHTponnpyioT no MeTKe 
Ha Tpy6Ke 1 1 , KOTopa* BbixoAUT M3 naKepa 5 
npu OTBOAe nopiuHfl 4 k ycTbio cKBaxuHbi. 
Bo3Ayx H3 npocrpancTBa Me>KAy nopiuHeM 4 m 
naKepoM 5 otboa^t no Tpy6Ke 12. nocne otboas 
noptUHfl 4 Ha TpecyeMyio AnMHy 1 ,0 m no Tpy6Ke 
10 noAatOT TBepAewmyKo CMecb b o6"beMe 
ysacTKa 3aKpenneHH« ( a no Tpy6Ke 12 - CKaTbiM 
B03AYX Ann yAep^aHun nopujHfl 4 b 3aAaHHOM 
MecTe. TBepAeioi^afl CMecb, npoxoA* KnanaH 22 
m anonHfln npocTpaHCTBO Me>KAy 3a6oeM 
cKBa>KMHbi n nopiuHeM 3, nepeMecTUT nopiueHb 3 
k nopLUHio 4, a B03Ayx us npocrpaHCTBa Me>KAy 
nopniHeM 3 n 4 otboaht no Tpy6Ke 1 1 . MoMeHT, 
KorAa nopiueHb 3 AOCTumeT nopiUHn 4 
KOHTponnpyioT no MeTKaM Ha Tpy6Ke 10. nocne 
3Toro no Tpy6K3M 11 m 12 noAaeTC« cwaTbitf 
B03Ayx, KOTopbifi nepeMecTUT nopuuHn 3 u 4 k 

3a6oiO CKBa>KHHbl H TeM CaMblM npOM3BOAHTC« 

AononHHTenbHoe ynnoTHeHMe TBepAeioLL^e^ 
cMecu m 3anonHeHne e\o Tpeii^viH b cKBa>KHHe. 
BbixoAy TBepAeKDiqePi CMecu Mepe3 Tpy6«y 10 
npenPTCTByeT wianaH 22. KaK TonbKo 
npon3oPiAeT cxBaTbiBaHne TBepAeioLqeM CMecu, 
noAana OKaToro B03Ayxa no Tpy6KaM 11 u 12 
npeKpau^aeTcn. A noptuHM 3 n 4 otboa^t ot 
TBepAejou^eM CMecu Ha 0,2-0,5 m nyTeM 
KpaTKOBpeMeHHofl noAann OKaToro B03Ayxa no 
Tpy6Ke 10. 

KorAa TBepAeioLi^a^ CMecb HaoepeT 
Tpe6yeMyKJ npoHHOCTb, nopujeHb 3 aoboa^t ao 
TBepAetomefi CMecu, a nopmeHb 4 otboa«t Ha 
paccTOWHHe 3,0 m, paBHoe AnuHe 1 ynacTKa 
30Hbi B03Mo>KHoro o6pyujeHMn. nyTeM noAann 
OKaToro B03Ayxa no rpyCKe 1 1 m cpuKcupoBaHnw 
3Toro paccToHHua no MeTKe Ha Tpy6Ke 11. 

3anonHeHne TBepAeio^eCi cMCbio ynacTKa 1 
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npon3BOAHT aHanorviHHo 3anonHeHwo 33MKOBOtf 
msctm aHKepa. Docne OToro npn noMotijH 
HaTR)KHoro ycTpoiicTBa, Hanpniwep flOMKpaTa, 
npou3BOAflT l-oe HaT«>KeHne Tpoca m ero 
a)MKcnpoB3Hne b naKepe 5 npu noMomw nonoro 
KJiuHa 21 . ycunwe HaTfljKeHUH TpocoBoro aHKepa 

Ha A3HHOM yMaCTKe 3aBMCMT OT npOHHOCTW 

3a^eriKvi Tpoca 1 b 33mkobom Mac™ aHKepa h 
onpe^enReTCfl mcxoa* us Heo6xoflHMoro 
yflep>KHBaK>u4ero yc^rm* aHKepa, Kcnropyio 
naxoA«T M3 <£opMynbi: 



= s 



■F a . 



rfle s 



Harpy3Ka 



npuxoAHLnaacfl Ha 1 m 2 nomaAw o6Ha>KeHnn 
nopofl BUCRnero 6oKa, t; 

F a - nnomaAb o6Ha>KeHH«, npHxoAHtnaacfl Ha 

oauh aHKep. m 2 . 

F a = l # a , m 2 /h3 1 aHKep, rp,e L - 



HaKHOHHaH Bbicora KaMepbi, m; 
Ak - ujupnHa KaMepbi, m; 
n a - o6mee mmcjio aHKepoB b KaMepe. 
S = p , t/m 2 , rAe P - en/la, 



B. 6. 



AeftcTByioinafl Ha SanKy, Bbipe3aHHyto us nopoA 
Buc*Hero 6oKa, t; 

S e 6 - anomaAb ooHaweHHfl Bucnwero ooKa b 

.2 

' 36 M M 



KaMepe, m* 

S B .6 = l--A Kl M* 

npn HaKnoHHOM npo/iete KaMepu L : 



o6Ha>KeHnn Bucflnero 6oKa b KaMepe cocTaBm 
360 m 2 . TorAa, Harpy3Ka npuxoAamaflCfl Ha 1 
m 2 nnomaAH o5Ha>KeHMfl nopofl Bwcflnero 6bKa 
6yfleT paBHa 0,59 t/m 2 

Ann onpefleneHUfl nnomaAH ooHaaceHkia, 
npuxoAfliMeftcfl Ha oauh aHKep, Heo6xoAHMO 
onpeAexiHTb KoriHMecTBO aHKepoB, 

ycTaHaariMBaeMbix b KaMepe, KOTopoe 
onpeAenweTcn wcxoah H3 paccTOHHua MewAy 
KOHuaMn aHrxepoB: 

B = 2-ISin n .tg fn - ip| , m rAe B - 

4 U 2 J 

paccTOHHHe Me>KAy KOHi^aMn aHKepoB, m; 
I • r/iy6»Ha aHKepa. m; 
q> - yron BHyTpeHHero TpeHun, rpaA- 
noACTaBMB 3HaMeHMH b cfcopMyny, nonysMM, 

mto paccTOflHue Me>KAy KOHi^aMU aHKepoB B = 

6,0 m. 

06i^ee Mucno aHKepoB Ha KaMepy 
onpeAenaeTc*: 

n a = n B - n p (ujt), rAe n B - hmcjio aHKepos no 
BbicoTe KaMepbi. hit; 

n p - KonnsecTBO pflAOB aHKepoB no tiiHpUHe 

KaMepbi, pflAOB. 

npn 3TOM n B = (UB + 1) m n p = ( A^B +1) u 
nonyMMM n B = 7 h n p = 2. TorAa n a = 14 n F B = 
25 m 2 

Otchda3, npn nnomaAH o6Ha>KeHHfl Bkicawero 
6oKa Ha 1 aHKep F a = 25 m 2 , yAep>KHBa*oinee 
ycunue HaTflwenufl aHKepa P p = 14,8 t. 

Ecnn Hecyinan cnoccOHocTb 33mkobovi nacTH 
6onbUje. seM P p , to Tpoc 1 Ha™*rnBaeM c 
ycunueM 14,8 t. Ec/im Hecymaa cnoco6HocTb 
3aMKOBOw nacTn Hn>Ke, neM P p , to ycunue 
HaT«>KeHnfl Tpoca Ha AaHHOM ynacTKe Menbtue 
win paBHO HecymeM cnoco6Hoc™ saMKOBoft 
Mac™ aHKepa. nocne HaTflweHHH Tpoca h npvi 
oTcyTCTBun npocKaLnb3biBaHnn Tpoca b naKepe 5. 
KOTOpoe KOHTponnpyeTcn no MeTKe Ha Tpoce, 
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npucTynaeT k AononHUTenbHOMy ynnoTHeHnio 
TBepAeKDii^ew cMecu aHaxiornHHO onucaHHOMy 
Bbioie. 

KaK TO/ibKo TBepAeroii^afl CMecb Ha6epeT 
Tpe6yeMyto npoHHOCTb , nopiueHb 3 aoboaat ao 
3aTBepAeBLueR CMecu, a nopujeHb 4 otboaat Ha 
paccTORHHe. paBHoe 2,0 m. , t. e. Ha AnnHy 
11 ynacTKa soHbi B03MO>Knoro oGpyujeHnw. 
PaccTOflHue orBOAa nopujHn 4 Ha AnnHy 2,0 m 
TaioKe KOHTpofiMpyeTca no MeTKe Ha Tpy6Ke 1 1 . 
3anoneHne TBepAeioa^e^ CMecbto ynacTKa 11 
npon3BOAflT b tom we nop«A«e, KaK m ynacTOK 1 
u 3aMKOByto MacTb. (lopnAOK HaTflxeHMFi Tpoca 1 
m AonojiHUTenbHoe ynnoTHenne TBepAe»oiMe^ 
cMecu npon3BOA«T aHanornHHo ywacTKy 1 30Hbi 
B03MO>KHoro o6pynieHMH. Oahbko Ha ashhom 
GTane ycMnvie HaT«>KeHH« Tpoca 1 
onpeAen^eTcn c yneTOM cTeneHU 
Tpeu^MHOBaTOCTM nopoAbi no npeAnoxeHHofl 
0opMyne: 



P M = 



t rAe P p - pacneTHoe ycunne 



HaTfl^eHUfl aHKepa, t; 

K„ - K03(t54JHt4neHT TpeiMMHOBaTocTM nopoA- 
Ko3ct>c})ML^neHT HapyoieHHOCTn nopoAbi 
onpeAennioT c yneTOM pe3ynbTaT0B oqeHKM 
TpeiUMHOBaTOCTH MaccuBa no KepHy, 
ki3BneKaeMOMy npn oypeHMn ckb3)kmh noA 
aHKepu: 

K„ = 0,66 a- nr\>- n T v, rAe 0,66 - 

K03Cf)Cf)Hm/ieHT nponopi^MOHanbHOCTH, KOTOpblCl 

OTpa>KaeT ycpeAHeHne BnnHHvm TpeinnH c 
rnaAKMMM cTeHKaMn mjim c "3epKanaMM" 

CKOJl b>Ke H H R H 3aBMCHMOCTM BeDOflTHOCTM 

nonaAaHHfl Tpei^MH b KepH ot yma BCTpenn ee 

CO CKBa>Kk1HOft; 

aj - cTeneHb ocna6neHn« MaccuBa, 
nponopL^noHanbHafl Aone TpeujHH c yr/ioM 
naAeHHH 30-70° (cm. Ta6n. 2); 

m Q - to we, Ann TpeinnH c maAKHMM 
CTeHKaMM, BKnjosan "3epKajia" cKoribKenun (cm. 
Taoji. 2); 

rir - CTeneHb ocna6neHnn MaccuBa, 
nponopi^MOHanbHan Mucny TpeunuH b 1 m KepHa 
(cm. Ta6n. 3); 

v - bwxoa KepHa b Aonnx eA^HHL\. 

Ko3c()ct»vmneHT HapyiueHHOCTn Ann II ywacTKa 
cKBa>KHHbi, HanpuMep. npn BbixoAe Kepna 82% . 
Aone TpeunuH 30% b oGme^ cucTeMe 
TpeiMMHoBaTocTH h no BennHMHaM M3 Ta6n. 1 h 2 
onpeAennTcn: 

K = 0.66.0.82-0.78 0.54-0.82 = 0.19 

H 

II 

TorAa ycunne HaTHweHMfl Tpoca 1 c yneroM 
HapyuueHHOCTH MaccuBa Ha II ynacTKe 
3aKpenneHHH cocTaBMT: 

P = 14. 8 = 77.8 T 

H 

II 0.19 

TaKUM o6pa30M. npn HaTfl>KeHHM Tpoca I Ha 
II ynacTKe 3aKpenneHnfl aHKepa, Tpe6yeMoe 
ycunne HaTJWKeHMR cocTasnneT 77,8 t npw 
KO30c|)HL^neHTe Tpeu^nHOBaTocTn nopoA Kh = = 

0,19. 

nocne HaTHweHHH Tpoca 1 n npn OTcyTCTBun 
npocKanb3biBaHna Tpoca 1 b naKepe 5, KOTopoe 
TaK>Ke KOHTpo/iMpyeTCR no MeTKe na Tpoce 1. 
npucTynaiOT k AononHHTenbHOMy ynnoTHeHMio 
TBepAeK>meCi CMecu aHanornHHo onucaHHOMy 
Bbiiue (ynacToK I). 

KaK TonbKo TBepAeWLuan CMecb Ha ynacTKe II 
HaOepeT Tpe6yeMyio npoHHOCTb, npuorynaioT k 
3ano/iHeHHK) TBepAejou^efi CMecbio ynacTKa III 
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aHanorviHHo onncaHHOMy Bbitue. nop^aoK 
HaTH)K6HHfi Tpoca n AononHnTenbHoe - 
yanoTHeHne TBepAeioinen cwiecn Ha ywacTKe III 
ocymecranwoT aHamorviHHO ynacTKy II. 

ComacHO onncaHHowy Bbiuie, Ha ynacTKe III 
KO3c£0w4neHT TpeLunHOBaToc™ nopoA 
cocTaBur: 

K = 0.66.0.82.0.78-0.6.0.82 = 0.20 
h ixi 

Torfla Tpe6yeMoe ycnnne h3tr>k©hhr Tpoca 
1 Ha ysacTKe III c yneTOM KOso^cfcnuneHTa 
TpemnHoBarocTH nopoA Kh = 0,20 Oyp.er: 

P = 14. 8 = 74 T 
"ill 0. 20 

riocne HaTWKeHna Tpoca 1 Ha ysacTKe III n 
oTcyTCTBun npocKanbabiBaHnfl Tpoca b naKepe 5, 
KOTopoe KOHTponnpyeTcn no MeTKe Ha Tpoce 1 , 
npucrynajoT k AononHnTenbHowiy ynnoTHeHMK) 
TBepAeiomefi CMecn aHanorviHHo onucaHHOMy 
Bbiuie. 

npHMeM AO/1XHO BbinOflHflTbCfl yc/iosne, HTO 

Ha ynacTKe 1 ycnnne HaTswceHna Tpoca 1 
orpaHMneHo: 

Pa m [a 3 ] rAe [a 3] - Hecymaa cnoco6HocTb 

M 

I 

3aMKOBo« sacTM aHKepa. 

B nocneAytoiMeM npn HaTnxeHnn Tpoca Ha 
KawM OTane ycnnne HaTJOKennn Tpoca 
orpaHHMMBasTcw npeAe/ioM npoMHOCTM Tpoca Ha 
pa3pbiB n Hecymen" cnocoGHOCTbio 
3aKpenneHHbix ynacTKoB aHKepa. 

flna BbinoriHeHMfl AaHHbix ycnoBuR, b cnysae 
ecnn npoMHocTb 3aAenKvi 3aMKOBon nacTM 
aHKepa win npoHHOCTb Tpoca Ha paspbiB Hnwe 
Tpe6yeMoro ycn/ina HaT«xeHMfl Tpoca. to 
yBennHUBaioT AnnHy saMKOBofc Mac™ aHKepa 
win npMHHMaiOT Tpoc 6onbUJero A^aMeTpa. 

TaKMM o6pa30M, b OT/inwne ot M3BecTHoro 
cnoco6a, KorAa HaTWKeHne Tpoca 
ocyu;ecTBJineTC« b oahh npneM KaK n 
L^eMeHTaL^nn cKBaxcviHbi TBepAeiounen CMecbio n 
ycnnne HaTaxeHna Tpoca no Been Ann He 
CKBaxoiHbi oAUHaKOBO n orpaHnneHO BennnnHOfi 
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npOHHOCTH 33MKOBOV1 H3CTM n COmaCHO 

pacneTaM He npeBbiujaeT 9,7 t, a Ann 3ohw 
BO3M0>KHoro o6pymeHnfl aToro HeAOCTaTOHHo, b 
3anBnfleMOM >Ke TexHnwecKOM peweHnn ycnnne 
HaTAJKeHMfl TpocoBoro aHKepa npn TaKnx >Ke 
napaivieTpax (AnnHa 3aMKOBOfl Mac™, A^nHa 
aHKepa) Ha nepsoM 3Tane HaTaweHna paBHO 9,7 
t, Ha btopom 3Tane HaTHweHna - 77,8 t, a Ha 
TpeTbeM 3Tane - 74,0 t, t. e. Ha btopom n 
TpeTbeM 3Tane saKpenneHna aHKepa ycnnne 
HaTWKeHna Tpoca B03pocno oonee neM b 8 pa3 
n 3to cTano bosmokhwm sa cneT nosTanHoro 
yKpenneHnn aHKepa. KorAa AnnHa 3aMKOBO& 
nacTn nocTORHHo HapamnBaeTca 3a cneT 
yAnnHeHnw 3aMKOBofl Mac™ aHKepa Ha AnnHy 
ynacTKa npeAbtAymero 3Tana. 

<t>opMyna M3o6peTeHnn: 

CnOCOB YCTAHOBKM TPOCOBOrO 
AHKEPA, BKnioHajOLL^nn 6ypeHne CKBaxnHbi, 
pa3MemeHne b Hen noptuHH c tpocom, 
nepeMeineHne nopixiHA ko Any cKBaxnHbi n 
oOpaTHO k ycTbK), 3anonneHne cKBaxcnHbi 
TBepAe»oLAeCi cwiecbK) nyTeM HameTaHn* ee b 
3anopiuHeBoe npocTpaHCTBo, HaTqxeHne Tpoca 
n ynnoTHeHne TsepAeiomefi CMecn, 
oTnnMaiou^n^cfl TeM, mto, c uexibio noBbnuennfl 
Hecymen cnocooHOCTn aHKepa b nopoAHbix 
MaccnBax c HeoAHopoAHOfl TpemnnoBaTOCTbK), 
npeABapnTenbHO onpeAensiJOT pacnpeAeneHne 
nHTeHcnBHocTn TpemnHoaaTOCTn nopoA no 
CKBaxnHe, pa36nBaK>T cKBa>KnHy no AnnHe Ha 
ynacTKn c OAnHaKoson TpemnHOBaTocTbK), a npn 
pa3MemeHnn b cKBaxnHe nopLLinw 
ycTaHaBnnBawT coocho c HnM AononHnTenbHbiR 
nopiueHb, npn stom 3anonHeHne CKBaxnHbi 
TBepAefou^e^ CMecbio, HaTnxeHne Tpoca n 
ynnoTHenne TBepAetonien CMecn npon3BOA«T 
nosTanHO no ynacTKaivi, a ycnnne 
HaTflxeHnfl P „a T Tpoca Ha ksxaow ynacTKe 
onpeAenflK)T n3 Bbipa>KeHn« 

Phst = P p / Kt. 

rAe P p - pacneTHoe ycnnne aHKepHoro Tpoca 
6e3 yneTa TpemnnoBaTocTn nopoA, kH; 

K T - K034)4)nL^neHT TpemnHOBaTocTn nopoA- 
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HHTepaanw yk- 
pcnneHMfl no 
Amine 

CK835KMHW. M 


PaCCTOHHWC MCJKAy TpeiUMHOMM D VOI- 

TepBaJie onHoro MeTpa. m 


<*** nil ni-ipf* 
^Kw\'1CC 

pacCTOflHue 

UIMHaMVI, M 


l/lnxeHCMO- 
HOCTb Tpe- 

iocth no- 

pOAbl> 

iut/m 


Ymoctkh 
yKpen/ie- 
Hun c oau- 

HaKOBOVI 
TpCUtMHO- 
B3T0CTbK> 


0-1 


0.12-0, 10-0. 15-0. 18-0. 16-0. 15-0. 14 


0,142 


7 




1-2 


0.15-0. 17-0. 15-0. 18-0.07-0. 16-0. 12 


0.142 


7 


III 


2-3 


0.17-0. 16-0. 14-0. 15-0. 12-0.11 


U, HZ 


7 




3-4 


0.09-0. 08-0. 12-0. 09-0. 12-0. 09- 
0.13-0. 10-0. 08-0. 10 


n in 


10 


II 


4-5 


0.08-0. 12-0. 09-O. 12-0. 09-0. 13- 
0.08-0.10-0.09-0,10 


0.10 


10 
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0.15-0. 25-0. 20-0. 15-0. 25 


20 


5 
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0.18-0. 24-0. 17-0. 16-0.25 
0.17-0.23-0 93-0. 18-0. 19 


20 
20 


5 
5 


1 

■ 



o 

o 

00 



ro 



00 



ZD 



O 



RU 2.011.840 



T a 6 n w 14 a 2 



ro 



00 



f P/»no t n&t it* 1 f 1 n nfiuitiiTi cvmmp 


CreneHb ocna6/iennn 


(Xl 


mo 


: 0 


1 


i 


i r\ 4 

1 


0.95 • 


0.93 


O.c 


0.88 


0.85 


0.3 


0.02 


0.78 


t\ A 


0.78 


0.72 


rt p- 

! 


0.72 


0.66 


'fir* 

1 

ia.7 


0.68 


0.62 


0.64 


0.57 


I 


0.62 


0.53 


u 

^ 


0.60 


0.19 


,1.0 


0.58 


0.47 


T a 6 /1 m u a 3 


CpeanMu p33Mep peGpc* 3/ie- 
MenmpMoro 6/ioKn, m 


Cpe/iiiee wwcno TpeuviH tia 1 
m KepHa. ujt. 


CreneHt, ocnaG/ieHwa, n T 


0.025 


40 


0.17 


0.033 


30 . 


0,23 


0.05 

* 


20 


0.33 


\ .0.10 

« 


10 


0.54 


I o.in 


6 


0.60 


i 0.20 
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5 


0.G7 


5 0.20 


4 


0.77 


• 0.33 

1 


3 


0.82 


j 0.50 


2 


0.06 
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